specific species. Overgrowing and siltation, as well as procedures involving morphological transformations of small watercourses in the land used for agricultural purposes, also essentially affect the diversity of species dwelling in rivers.
Significant deterioration in the water quality in the rivers along with dramatic biodiversity loss has posed serious threats to the hydrological and ecological balance in freshwater eco-systems [4] . In accordance with the Water Framework Directive, the EU countries are expected to have ensured good ecological and chemical status of surface waters [5] . In order to determine the type and scope of environmental stress effects, the water quality assessment system was unified across all member states, and an obligation to monitor biotic components such as fish fauna, zoo-benthos, phytoplankton and macrophytes was imposed. The directive further imposed an obligation to conduct end-to-end analyses of all available ecological data characteristic for rivers, regarding environmental parameters [5] . One of the projects is the Science and Management of Intermittent Rivers & Ephemeral Streams (SMIRES), which aims to develop a multi-disciplinary network of scientists and stakeholder experts on intermittent rivers and ephemeral streams (IRES) from 27 countries in order to consolidate and expand the current understanding of IRES and translate it into sciencebased, sustainable management of IRES resources and biodiversity.
Because of their sensitivity to environmental changes, benthic macroinvertebrates have often been used for assessing the ecological status of different water bodies, and for assessing surface water quality [6] [7] [8] [9] [10] . Physical and chemical parameters of water [11] [12] , its level and velocity [13] , bottom type and type of mineral and organic matter [11, 14] are highly important for establishing the representativeness of different macrobenthic communities in rivers.
Despite numerous scientific publications on benthic communities dwelling in rivers [6] [7] [15] [16] , knowledge about benthic community structure and its relationship with environmental parameters in small watercourses has been scarce due to their environmental instability.
This paper puts forward a hypothesis that environmental conditions determine the structure of benthic invertebrate communities in small rivers. The purpose of this study was: 1) to identify major predictors among environmental factors having an impact on benthic invertebrate communities in small rivers; 2) to compare community structures in terms of species abundance, biodiversity index and density across the sites; and 3) to provide basic data for controlling activities essential to implement a coherent water resources management plan.
Materials and Methods

Study Area
The study was conducted in 10 small rivers in two Polish regions (five rivers in the northwest and five rivers in central Poland) ( Fig. 1 ). For each river, three study sites were established. Each of the tested watercourses was divided into three representative sites, differing in character (natural and anthropogenically changed watercourses) and selected abiotic features (bottom type, water flow, and depth). 
Macroinvertebrate Sampling
Macrobenthic samples were collected in autumn (October) 2017 using a dragnet of 0.20 x 0.35 m, with mesh of 500 µm, scraping off a fragment of the bottom of 1.5 m in length. A total of 30 samples were collected. Each sample was washed on a screen (mesh of 500 µm) and preserved using 10% formaldehyde solution. Labelled and counted invertebrates were assigned to the lowest possible taxon. In the case of a large number of specimens per species, a sub-sampling technique was used, whereas in the case of large and sparse organisms, all specimens were selected from the sample.
Water Sampling
Using a HACH multi-parameter portable meter (HQ40D), we measured the temperature and pH of the water, as well as dissolved oxygen content directly in the field. At the same time, water samples of 1 dm 3 were collected to analyze nitrate, ammonium and orthophosphate content. Laboratory measurements were based on colorimetric methods and conducted with a HACH DR 890 spectrophotometer. Water flow velocity was measured using a SENSA RC2 electro-magnetic meter equipped with an RV2 velocity probe.
Data Analysis
Benthic communities were described using basic parameters of ecological communities, such as the number of taxa, dominant species and frequency. Biodiversity in the studied river areas was calculated using the Shannon-Wiener diversity index (H'). The correspondence variate analysis (CVA) was performed in order to find out which abiotic components determined significant differences between the examined rivers. Along with the analysis, the Monte Carlo permutation test and forward selection of variables were performed in order to identify parameters diversifying the studied rivers in a statistically significant manner. As all indices showed that substrate had no significant impact on the distribution of taxa/sites in the ordination space, and the large amount of information made the diagram illegible, they were excluded from the analysis, and only data related to physico-chemical water components were included. Analysis was performed using Canoco 5.0 software [17] .
The second applied ordination technique was canonical correspondence analysis (CCA). Ultimately, for the same reasons as in the case of CVA, data concerning the substrate were excluded from the analysis, which was intended to determine the relationship between species and chemical parameters. The Monte Carlo permutation test and forward selection of variables also were performed in this case. Both analyses were performed using Canoco 5.0 software [17] .
The result of both ordination analyses were the ordination diagrams on which geometrical symbols were marked with research stands (rivers in CVA and CCA) or species (CCA). Using chemical vectors, chemical parameters were determined as environmental variables. The longer the vector, the greater its significance for the diversity in the set. The mutual position of the vectors indicates their relations (the closer to each other, the greater the correlation between the variables). The position of the point marking a given station near the arrowhead of the vector means a relatively high value of the variable determined by the vector in a given place
Results
Chemical and Physical Properties of Water
Water analyses performed at the study sites (Table 1 ) and rivers showed considerable differences in physico-chemical water parameters. Correspondence variate analysis (CVA) showed that the rivers differed significantly in terms of nitrate ion content, pH, conductivity, dissolved oxygen content and temperature (Fig. 2 ). The highest dissolved oxygen and NO 3 nitrate ion contents were recorded for the Molnica and Wardynka rivers, whereas rivers with low nitrate ion content had higher average temperature and pH of the waters (Rurzyca, Myśla, Tywa). The Kraska River, characterised by high average water conductivity, was reported to have the lowest ammonium ion content, whereas the Czarna, Zielona rivers and Habdziński Canal are characterised by higher ammonium ion content and the lowest conductivity.
Macroinvertebrate
The analysis of macrobenthic communities in the studied rivers confirmed the presence of specimens belonging to the following major taxonomic classes (listed in descending order in terms): Oligochaeta 24%, Bivalvia 22%, Insecta 21%, Gastropoda 16%, Crustacea 13%, and Hirudinea 4%, as well as Enthognatha and Desmospongiae (both less than 0.5%).
In benthic communities found in the studied rivers, 95 taxa were identified, including 49 species, 23 genera, 21 families and two higher taxonomic ranks. Taxa displaying the highest frequency included representatives of the Enchytraeidae (Oligochaeta) family that inhabited 73% of the sites and Pisidium spp. (Bivalvia) reported in 70% of sites, which are widespread in temperate regions. The vast majority of Pisidium representatives were young specimens that could not be identified in a reliable manner due to poorly developed taxonomic characteristics. Among mature specimens, Pisidium amnicum (Müller) was identified, among many others. Subsequent representatives with a relatively high frequency were Planorbis corneus (L.) and Radix labiata (Rossmässler), with each species inhabiting 43% of the sites. As many as 39 taxa were very rare (only at a single site with low density). Numbers of taxa identified at the sites varied (from 3 to 25) ( Fig. 3a ). The highest density was recorded at C1 site (Fig. 3b) The majority of biodiversity indices (H') ranged from an average of 1.5 to 3.5 (Fig. 3c) . A significantly departing value of H' index at R3 site was an exception; at this site we recorded a relatively low density and a small number of taxa and the prevailing representatives of the Enchytraeidae family accounted for 71% of the share in total density.
The Impact of Environmental Factors on Distribution and Abundance of Macroinvertebrates
Results of the CCA showed that the density of specific taxa is significantly (p<0.005) influenced by ammonium ions, orthophosphates, water temperature and water velocity (Fig. 4a) . A high level of ammonium ions impacts the density of: Aelosomatidae, Triaenodes McLachlan, and Planorbis carinatus O.F.M (Fig. 4a) , which was observed at KH2 site (Fig. 4a ). The highest temperature correlated with high orthophosphate content and water flow velocity significantly contributes (p<0.005) to higher density of, among others mainly Chironomidae, as well as Chaetogaster sp., Gammarus roeselli, Bithynia tentaculata and Asellus aquaticus (Fig. 4a ). This was confirmed for site No. 1 on the River Płonia (P1) and all sites on the Rivers Rurzyca and Tywa (4b).
Discussion
The study sites were observed to be highly diversified in terms of physico-chemical, hydrological and biotic parameters. The results of physico-chemical parameter analysis of waters in the studied rivers were assessed in accordance with the Regulation of the Minister of Environment of 21 July 2016 on the classification method for the condition of uniform bodies of surface waters and environmental quality standards for the priority substances of non-class water. The low quality of these waters was mainly determined by average dissolved oxygen rates, nutrient content and high water conductivity rates. Water flow velocity rates in the studied watercourses were usually comparable to those variables with senses of the vectors marked in red are statistically significant for biodiversity in the set; in total, these variables account for 39.2% of total data variability. recorded for rivers located in the lowlands (due to the terrain), and the only higher water flow velocity rate was recorded on the Wardynka River, which is characteristic of mountain streams [18] [19] . Small watercourses are highly unstable in terms of water flow rates [18] , whereas differences in physico-chemical parameters are probably due to the increasing anthropogenic impact [2, 10] ; this is the reason for the recorded discrepancies between studied watercourses and sites. Bearing in mind that both physico-chemical factors and the intensity of anthropoppression in small watercourses are indirectly dependent on temperature, it can be assumed that these changes depend on seasonality.
Large discrepancies between the sites and watercourses were also observed while analysing the composition and density of the benthic communities, as well as Shannon's diversity index (H'). The total of 95 taxa were identified, including 49 species belonging to the following classes: Oligochaeta, Bivalvia, Insecta, Gastropoda, Crustacea, and Hirudinea, as well as Enthognatha and Desmospongiae. The observed biodiversity and density of benthic communities as well as biodiversity indices are typical of small watercourses found in Poland [7] and other countries [20] [21] [22] . It should be stressed that the majority of macrobenthic species encountered in each river are eurytopic: they can dwell within a wide range of environmental parameters, thus they perform poorly in saprobic classification. Stenotopic species occur only in the River Wardynka (W2), which is similar to mountain rivers. The European Water Framework Directive requires that member states assess all their surface waters based on a number of biological elements, including macroinvertebrates. In EU member states, a number of different indicators of water quality assessment have been created, which due to environmental preferences, climatic variations and species diversity of particular countries are characterised by different parameters of the assessment indices.
The observed diversification of macrobenthic community structures in the majority of small watercourses, with clear dominance of taxa tolerant of environmental pollutions, may result from a set of components related to water chemistry [23] [24] , bottom type and its composition [14] , as well as the composition and presence of macrophytes [25] . In our study, we found that of all analysed environmental parameters, ammonium ions, orthophosphates, water temperature and water velocity had the strongest impact on the occurrence and density of some taxa. Furthermore, research investigating small watercourses in Europe, which has been conducted, has shown that water temperature and velocity are major determinants of the benthic invertebrate community structure [26] [27] .
At the sites where high content of orthophosphates, ammonium ions, high temperature and high water velocities were observed, the mainly occurring species were: Chironomidae spp., Chaetogaster sp., Bithynia tentaculata and Asellus aquaticus, which often prevail even in polluted watercourses [28] . Błachuta et al. [29] construes that the high density of the abovementioned taxa is possible precisely in the case of high concentrations of phosphates and ammonium ions due to their capacity to survive even when water is severely polluted.
In our study, phosphate ions, ammonium ions, water temperature and velocity accounted for as many as 34.3% of the variations in the set. The remaining variations may be searched for, among others, in biotic components. The studied watercourses were Fig. 4 . CCA of the assessment of impact of physico-chemical parameters on density of specific taxa a) at the studied sites b). Variables with senses of the vectors marked are statistically significant for biodiversity in the set. In total, these variables account for 34.3% of total variability. Ael-Aelosomatidae, Ench-Enchytraeidae, Lum-Lumbriculidae, Chae-Chaetogaster, Tub-Tubificidae, Er oct-Erpobdella octooculata, He sta-Helobdella stagnalis, As aqu-Asellus aquaticus, Ga roe-Gammarus roeselli, Hy-Hydropsyche, Tr-Triaenodes, Chir-Chironomidae, Chi-Chironomus, Pr-Procladius, By aus-Bythinella austriaca, Bi lea-Bithynia leachi, Bi ten-Bithynia tentaculata, La ter-Ladislavella terebra, Pl car-Planorbis carinatus, Pl cor-Planorbis corneus, Vi con-Viviparus contectus, Va pis-Valvata piscinalis, Mu lac-Musculium lacustre, Pi-Pisidium, Sph-Sphaerium, other -organisms whose share in the density was less than 1%. Descriptions as in Table 1. inhabited by fish, and some researchers [24, 30] claim that fish predation impacts the structure and density of invertebrate communities in the watercourses. Nicola et al. [23] , however, stated that benthic communities are more affected by physico-chemical properties of the watercourse rather than by fish predation. Traversetti et al. [25] on the other hand, suggests that composition and density of benthic communities is determined by the degree of coverage of the composition of the bottom and macrophytes. In our work, we have not studied the effect of macrophytes on macrobenthic communities so far, which will be carried out in the future.
Conclusions
The study results revealed that the composition and structure of benthic communities was typical of small watercourses found in Central Europe. As in other countries, small watercourses in Poland are susceptible to any environmental changes (seasonal and anthropogenic). In the majority of sites, eurytopic species were prevalent; stenotypic species dominated only at one of the sites on the River Wardynka. Results of the CCA showed that discrepancies with regard to composition, density and Shannon's diversity index (H') most probably is influenced by ammonium ions, orthophosphate ions, water temperature and water velocity. The high temperature of the water together with high orthophosphate content and water flow velocity significantly impacts such eurytopic species as: Chironomidae, Chaetogaster sp., Gammarus roeselli, Bithynia tentaculata and Asellus aquaticus. Ammonium ion content on the other hand, has a significant impact on increased density of Aelosomatidae, Triaenodes McLachlan, and Planorbis carinatus O.F.M.
